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Ä»|$» 
ÉY�" É&�,Z-( �{ &,� É�,Z9< &Y Ã{ZA$�Y �5 Ê¸( c�Z^� '" , Ê°Ì Z°» cY,{Y , 8#Z�, &Y Ã{ZA$�Y ,*/Ì�Y�Ì Z°» a#� 5 J^?

Z" Ê» O Y/+ LZ¼5 )#Z�� Z" É�, Ã�%" @#Y�<Y|>]1.[c<� �{ 7/0v» *Y�Ì» *{�" .Z" , cY|ÌP/5 ÊAÌ( hM�Y ÉY�" Z$�Y� 1#Y �{
|>Z" �ZÌ$3Y�{ É&�,Z-( cZÌ¸¼� &Y Ê<Z( Ê2Z=G , )3Z9> )�Y L&. |ÌP/5 ÉZ2 '9#�2 *{�,G 1Ì#Z^ 1¼� �{ , �-" Ê#Yms &ZÌ  .Z"

ÌP/5 '9#�2 &Y Ê¼%» C%� É&�,Z-( ÉZ2 1Ì>Z» , �/$(Y�5 '°9#Y '" '+/5 �;  �{ Z" , |92{ Ê» lZ0$3Y {/3 '" Y� 7/0v» |
'���» �{ Z2�/$(Y�5 {�°¸¼� Ã/v  Z" :Z^5�Y �{ Ê$#�#|» cZ¼Ì¼05 ,Ê�Y�& cY|ÌP/5 '��� �{ Z% G ';XM» 8"ZI ÃZH#Z+ 1$<�= Ê»

|9>Z" �Y/» Ê�Y�& �Z( &Y 8�ZX {/� �{ |9 Y/5 .�,Z-( ÉZ2 1Ì>Z» )#�#|» �{ | Y/5 Ê» '( Ê¸»Y/� &Y Ê°# @#Y�<Y '" �W9» É&
|>Z" Ê» Z2 1Ì>Z» O�Z9» 7Z05Y , [Zb$ Y ,{/> É{Z0$IY Ã{&Z" , É�, Ã�%" .Z2�/$(Y�5 @-( Ê#Z Y/5 1$>Y{ �»Y 1#Y J4v5 ÉY�"

|>Z" Ê» �Y{�/3�" Ê#Y��" )Ì¼2Y &Y cY,{Y , �/$(Y�5 1Ì" Z» É,�Ì  *{�,G )�{ '" 'WÌ$  �{ , Ã{/" L&. cY,{Y &ZÌ  {�/» *Y/5 ,.Z"
1ÌÌ 5 Z# , cY,{Y QÌv� [Zb$ Y '" , {�( yb-» Y� cY,{Y &ZÌ  {�/» *Y/5 , Z2�/$(Y�5 Ê--( *Y/5 *Y/5 Ê» cZ�M?Y 1#Y 1$>Y{

{/¼  LY|IY O�Z9» �/$(Y�5 JÌI{ .jY/ Y Ê"Z#&�Y ÉY�" | Y/5 Ê» cY,{Y , Z2�/$(Y�5 1Ì" Z» É,�Ì  , *Y/5 '" :/"�» cZ�M?Y 1Ì9i¼2
/» É&�,Z-( ÉZ2 1Ì>Z»{�Ì= �Y�I Ã{ZA$�Y {� .�(€ ÉZ2&ZÌ  |9 Y/5 Ê» '( |9$�2 Ê¸#Z�, 'K4  '� 7Z05Y , É|9^PZ» ÉZ2�$»/»Z9#{

|9#Z¼  Ã{�,G�" Y� Ã|> .�{ , )<�= Ã&Y| Y Z% G k�/5 Y� Z2,�Ì  *Y/5 Ê» '( |9$�2 É�Ì= Ã&Y| Y �Y�"Y Ê�/  Z2�$»/»Z9#{ Ê¸( �/? '"
 {/¼  1ÌÌ 5 Y� *Y/5 'WÌ$ ]2[.

Y,{YÊ» 8�, �/$(Y�5 '" f,� ,{ '" c| />,, |9^PZ» J#�? &Y Ê |Ì-( cY,{Y '� 7Z05Y J#�? &Y �Y/� '¼Ì  , �Y/� cY,{Y
'K4  .Ê» Ã{ZA$�Y 'K4  '� 7Z05Y �$»/»Z9#{ &Y �Y/� '¼Ì  , �Y/� cY,{Y ÉY�" , É|9^PZ» �$»/»Z9#{ &Y Ê |Ì-( cY,{Y ÉY�" YmP {/> .

�" Z2�$»/»Z9#{Y, É�� Y }Z�Y|¼  Ã,�=,{ '" Ã{�‚| /> Ê» CÌ�45 ÊPZ4$ Y , Ê"m+ .&Y 'K4  '� 7Z05Y , É|9^PZ» ÉZ2�$»/»Z9#{
|9$�2 ÊPZ4$ Y j/ .Ê» CÌ�45 Ã|¼� Ã,�= ,{ '" �Y/� cY,{Y ÉZ2�$»/»Z9#{ | /> ]3[.jY/ Y 7,Y Ã,�= �Y{ Ê�Z> 1*,|" L,{ Ã,�= ,

Ê�Z>2|9$�2 .Ê» ' Z=Y|+ Ê�Z> ÉY�Y{ 7,Y Ã,�= >Z"Ê» �Y�I cY,{Y , �/$(Y�5 1Ì" '( |9 *G É,� ,�Ì  ÉZ2 7|^» , {�Ì=)Ê�Z> (
Ê» O0  | /> .'$<� �Z( '" �$»/»Z9#{ ÉZ2,&Z" *Y/9� '" �/$(Y�5 ÉZ2,&Z" , |9$�2 Y�W» Ê�Z> |IZ< L,{ Ã,�= ,�Ì  ÉZ2 7|^» , | Y

Y Ã > É&Z�Z+ Z2,&Z" 1#Y É,�| .
1#,{Z=37Z� �{1975ÊX�? '$3Z� ÊP|^» Ã|> �Y Ê%+, )-2 ƒ9#� &Y#Y'� �{ Z2,�Ì  É�Ì= Ã&Y| Y �" Ã,M� '( {Y{ '

�(�» �{ �Ì  Y� �,Z$-= ,Ê¸�Y )%+7|^» ƒ9#�)<�= Ê» Ã&Y| Y ]4[.
UÌ2�, , */� Z+47Z� �{1979�,Z$-= , É{/¼� , Ê4<Y ÉZ2,�Ì  É�Ì= Ã&Y| Y '" �{ZI '( | {�( ÊXY�? Y� É�$»/»Z9#{

'vA� �{ Ã|> 7Z¼�Y{/" C2 &Y 84$�» c�/� '" CeZI ÊP/? .Z% G h�? �{,E# 8»Z> 7|^» 'P/PÊ»/Ì9Ì»/PG Y� ,�Ì  '( |>Z" Ê» 
Ê» 8¼� @¼3 , @iÌ^ )v5 , Ã{/¼  84$9» cY,{Y '" �/$(Y�5 &Y|9( . M< k�/5 ,�Ì  7Z4$ Y 8¼�WÊ» c /� Ê#Z% É,� '( {�Ì=

Ã|> O0  'P/P 1#Y | Y .8^ {|� '�*/�5, �" cIY, | �Ì= Ê» Ã&Y| Y Y� Ã|> 7Z¼�Y ÉZ2�,Z$-= , Ê4<Y ,É{/¼� ÉZ2,�Ì  ,'P/P É,� .
{�Y{ &ZÌ  'PZ Z( '� cZ^Y '" C$�Ì� 1#Y .{,|X �$»/»Z9#{ L�+230{,|X Y� cY,{Y 7Z05Y :Z4  , )�Y L�=/¸Ì( 310'" �$» Ê¸Ì» 

|9( Ê» ZW"Z+ O4� )¼� ]5[.
�¼PZ^57Z� �{1992{ZI '( )3Z� É�$»/»Z9#{ Z» ÉZ2�,Z$-= , Z2,�Ì  '#�W5 '" �, )�Y 'AP/» '� '" cY,{Y , �/$(Y�5 1Ì"

 O0  8"ZIÉ,�Z2�/$(Y�5 ÉÃ,�=I,II|>Z" Ê» .{�Y| Z$�Y J"ZK» c#�� 7Z05Y �¸^/( 8°> '" cY,{Y '" 7Z05Y `�?ASAE 
)�Y .8°> '" )¼�I ,{ &Y Ê�Z>U�Y�I *G É,� l9�,�Ì  @> '( )�Y Ã|> 8Ì°-5 }/° » )�Y '$<�= .Z2 l9�,�Ì  )Ì<�B

 '"50|�� Ê» 15/Ì /¸Ì( .{,|X �$»/»Z9#{ L�+350�Ìs E^� cY,{Y , ER/( ÉZ2�/$(Y�5 �{ Ê9ÌH9� )¸� '" '( )�Y L�=/¸Ì( 
)�Y Ã{ZA$�Y 8"ZI .Y� cY,{Y 7Z05Y 'K4  �$»/»Z9#{ 1#Y173O4� ,�$» Ê¸Ì» ÉZ2{�Y| Z$�Y &Y Ê¼( �Y|4» 1#Y '( {�" Ê» �5

ASAE)�Y �$-Ì" ]6[.

? - Frame type            
@ - Link type 
A - Godwin 
B - Johnson and Voorhees 
˺=- A.L.Palmer 
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*�/%i#Y , U#Y,17Z� �{1997$3Z� É�$»/»Z9#{ |9'(°> Ê6¸6» Ê�Z> ,{ ÉY�Y{{/" 8.É,� ÉY ' /= '" l9�,�Ì  @>
G|9( É�Ì= Ã&Y| Y Y� )%+ '� �{ Ã|> 7Z¼�Y ÉZ2�,Z$-= , Z2,�Ì  'Ì¸( )�Y �{ZI '( |> 'Ì^ 5 *.Ê#Z2�$»/»Z9#{ |9 Z¼2 1Ì9i¼2

 '(>Ê�ZG8°> '" Z% UÉY " Ê  Z» h�? 1#Y �{ ,)�Y }/° » {/> Ê¼  {ZW#Y Ê2{ *Y/5 �/v»]7[.
7Z� �{2001*Y�Z°¼2 , 8Ì¸WPY k�/5 É�$»/»Z9#{ *{�+ ÃZH- Y{ �{2|> '$3Z� &Y '( �8°> '" Ê#/-( É,&Z" 'T

)�Y Ã|> 8Ì°-5 }/° » .1#YGY &Y ÉY Ã{�$�= ‚{,|v» Z" O�Z95 )%+ CeZI , Ê��� CÌ;95 Ã&Z+Y @#Y� Y� 'K4  '� 7Z05Y {Z "
|2{ Ê» �$»/»Z9#{ '" ., Ê��� �ÌÌu5 ÉY�" Ê��� Ê#/-( �Ì5 J#�? &Y �Z( 1#Y5Ì�Ê$XY� '" jZA5�Y �ÌÌu5 ÉY�" É{/¼� Ê#/-( 

{/> Ê» LZW Y .*,|" Y� �$»/»Z9#{ '" cY,{Y 7Z05Y 1Ì9i¼2 Ê>�uP ÉZ2 ,&Z" '" &ZÌ  c#�� 7Z05Y �¸^/(G9( Ê» *Z�9|.ÉZ%$ Y �{
�2"Ã�? �Ì5 E# ,,&Z{8°> '" �YU{�Y{ �Y�I ' ,�Y, .Ã&Y| Y ÉY�"={�Y{ �Y�I ,&Z" �2 É,� l9� @ �( ,{ ,Ê4<Y @-( É�Ì .@>

7Z < �Ìs l9� @ �( ,{ Z" l9� @ �( , 8^ É,�5Ê» � I */�={/> Ê» É�Ì= Ã&Y| Y Ê4<Y É,�Ì  k4< , | �Ì .*Z¼$3Z� {Z "Y
» '( Ã|> [Zb$ Y É�/? �$»/»Z9#{7Z05Y C$�Ì� Z" O�Z9$�5YÉZ2�/$( Ã,�=I,IIZ")Ì<�B 3515/Ì /¸Ì( Ê4<Y @-( É,�Ì 

 |>Z"]8[.
Y�Ì3 ...@ Y�Z°¼2 ,37Z� �{20038°> '" Ê�Z> E# ÉY�Y{ '( |9$3Z� Y� É�$»/»Z9#{ U)�Y ' ,�Y, .�{ I �$»/»Z9#{ 1#Y

'� 7Z05Y �{ {/+/» É{/¼� , Ê4<Y ÉZ2,�Ì  É�Ì= Ã&Y| Y '" '4^? ÉZ2�/$(Y�5 'K4  I,II|>Z" Ê» .k�/5 Z2 ,�Ì  É�Ì= Ã&Y| Y
{�Ì= Ê» c�/� Ê%+, )-2 ÊH9#� 7|^» '� .| �Ì= Ê» �Y�I 8°> [MI ÉZ2 '¼�5 , Ê�Z> 1Ì" Z2 7|^» 1#Y .ÉZ2 */»&G

{Y{ '�#Z4» *,|" , )<�#m^ LZW Y Ê"Z4-" 12G,Z= E# , �/$(Y�5 '" *G 1$�" Z" �$»/»Z9#{ ÉY '���» Z%95 ,�H#{ l#Z$  Z" Z2 Ã
C$�Ì� *{/" @b^$#Z��), Z2 Ã{Y{ 7Z4$ Y , É�,G c¼+ ,)Ì�Z�X ,LZ°v$�Y (...)<�= �Y�I Ê���" {�/»]9.[

,É&�,Z-( ÉZ%9Ì>Z» EÌ Z°» Ã,�= �{ Ã|> '$3Z� 'K4  '� 7Z05Y �$»/»Z9#{ Ê"Z#&�Y , */»&G JÌ4v5 1#Y Ê¸�Y `Y|2Y
ÃZH- Y{ C$�Ì�/Ì" Ê�|9%» Ã|°- Y{)�Y �#& {�Y/» 8»Z> '( |>Z" Ê» *Y�%5 :

1-�=.Z$#{ Ê�#/  '»Z �", Ã�/;9»|9R [ZI )3Z� �Ì;  �$»/»Z9#{ &Y Ã{ZA$�Y ÉY�" L&. cZ»|4» 'Ì%5 
2-�$»/»Z9#{ h�? Ê"Z#&�Y 
3-4 '� 7Z05Y�$»/»Z9#{ k�/5 */»&G k#Y�> �{ a¸$b» 12G,Z= j/  �Z%R &ZÌ  {�/» Ê--( É,�Ì  É�Ì= Ã&Y| Y , 8�{/P , 'K

Z% G '�#Z4» 

Z4 ZÁ� Á 'YÂ» 
Ê>�G»Ä/$¿ Ä0 (Z?eY �,»Â»Z:Ë'Ê]ZË��Y '�Â» 

Ê"Z#&�Y {�/» �$»/»Z9#{JÌ4v5 1#Y �{E#'� 7Z05Y �$»/»Z9#{ Ê�Z> Ê°Ì ,�$°PY 'K4  7Z05Y C$�Ì� Z" O�Z9$» �Y{ 
Ã,�= ÉZ2�/$(Y�50,I|>Z" Ê» .8°> '" *G Ê�Z>U)�Y ' ,�Y, Y | " '( ,Z2 7|^» ÃY�¼2 '" k"Y� ÉZ2 /]� O0  &Z»1Ì"

cY,{Y , �/$(Y�5 ÊK�Y, *Y/9� '", {�Ì= Ê» �Y�I '� 7Z05Y 8v» �{ Y� É{/¼� , Ê4<Y ÉZ2,�Ì  Ã&Y| Y 'K4  É�Ì= *Z-  , Ã{/¼  
|2{ Ê» .E# �Ì5 8°> '" '( ,�Ì  7|^» {|� '� Ã�#Y{ cK4» Z" �Y{�Ì= ��k"Y� J#�? &Y |9$�2 ÉY > '" Z2 '$�" �$»/»Z9#{ Ê�Z

Ã|> 7|^» 1#Y '" �/$(Y�5 7Z05Y ÉZ2,&Z" , | Y Ê» 8�, Z2 | /> 8°> 1*Z-  Y� Z2 Ã{Y{ 8Ì0v5 C$�Ì� , �$»/»Z9#{ 
|2{ Ê».

'( | |> Ã�^ÌPZ( JÌI{ �/? '" *G ÉZ2 7|^» ,�$»/»Z9#{ &Y Ã{ZA$�Y &Y 8^ISM»Z( )Ì�Z�X Ê9v9» Z2 7|^» Ê»Z¼5 ÉY�" ÊK3 
Ã{/" ,1ÌÌ^5 O#�� &Y �$=��" 99/0Ã{/"|9$�2 �Y{�/3�" �ÌRZ  | Z» U^ &Y ,.�$»/»Z9#{ 8( *&,49, )^Y )Ì¸"ZI , )�Y L�=/¸Ì( 

{�Y{ �Ì  Y� Z2 N/> @#Z¼  .|9( Ê» C2Y�< �Ì  NZ3 *�b» �{ Y� *G &Y Ã{ZA$�Y *Z°»Y �/(m» ÉZ2 Ê=d#, 1$>Y{.

˺˺ - Weise and Eichhorn 
˺˻ - Al-Jalil   et al. 
˺˼- Kheiralla, et al. 
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8°&1-,»Â»Z:Ë' ÄLÂOC» �)[ÌËZ5 (Ã'Y' D�ÁM WO) J,HÌ0 Á)\Z](

[4MÁZV ]YÂ¿Y (Z?eY DY�] 9Z3 6;Z0 Á ÊuY�- 
C$�Ì� '" :/"�» ÉZ2 {�Y| Z$�Y Z" O�Z9$» , *Z�°# {Z "Y ÉY�Y{ {/+/» &�, NZ3 cY,{Y�6(Y 'K4  '� 7Z05Y '°9#Y '" '+/5 Z" 

" a¸$b» cY,{Y 7Z05Y ÉY�" ,|9$�Ì  Z2�/$(Y�5 'K4  '� 7Z05Y ÉZ2|Ì�� Ê» �;  '" É�,�� k"Y� '¸Ì�, E# {/+, �$»/»Z9#{ '.
|> '$3Z� , ÊXY�? 12G,Z= j/  |9R @Ì3 *{�( �Y/� )Ì¸"ZI Z" Ã�/;9» |9R [ZI E# �/;9» 1#|" .8°>�{2[ZI )Ì I/» 

{/> Ê» Ã{Y{ *Z-  C$�Ì� ÉZ2 )¼�I �#Z� �Z9(�{.

8°&2-J,HÌ0 DZ%,OH3 �ËZ0 �Z:¯ �' 9Z3 6ÌG3Â» 
�Z$3Z� 8°> �{ '( |>Z" Ê» É{./< ÊPZ3 /5 f/=�Z%R ÉZ%¸Ì<,�^ &Y 8°-$» [ZI 1#Y Ê¸�Y 3)�Y Ã|> Ã{Y{ *Z-  .
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8°&3-[4MÁZV ]Â¿|:  ½'�¯ �YÂ0 6Ì!]Z3 Z] Ã�Â^:» |:  9Z3 
ÉZ2 8Ì<,�^ É,� �"1,109#{ '" Ã�%» , „Ì^ k�/5 '( |> 'Ì^ 5 �$»/»Z9#{ '" [ZI 7Z05Y �/;9» '" f/= 8Ì< '� �$»/»Z

| /> Ê» 80$» .ÉZ2 8Ì<,�^ Ê9 # [ZI `�? ,{ �{ J¼� )Ì^65 ÉZ2 x�R 7Z05Y *Z°»Y2,5)�Y Ã|> '$<�= �;  �{.8Ì<,�^
3Z%"Z4-" ÉY�" Ê4<Y '#,Y& '°9#Y '" '+/5 Z" , |>Z" Ê» Ê"Z4-" 12G,Z= @Ì3 É�Ì=�Y�I 8v» 42Z547|>Z" Ê» '+�{ .8Ì<,�^ 1#Y

�Y '$<�= �Y�I É�/? �Ì |#G Ê» )�{ '" [Z4-" ÉY�" [/¸K» '#,Y& '( ).O4� '" ,� )(�X &Y É�Ì=/¸+ ÉY�" ER/( Ê-^  E#
 Z" L,�P cIY/» �{ Z5 )�Y Ã|> {ZW#Y Ê-^  1#Y É,� �" �Ì  xY�/� E# , )�Y Ã|> Ã{Y{ f/+ 8Ì<,�^ É,� �" �Z( LZH92 �{ 12G,Z=

I 8v» *Y/$" �Y|3Y�/� 'vA� |9R , Ã�%» , „Ì^ &Y Ã{ZA$�Y{/¼  CÌ;95 Y� @Ì3 É�Ì=�Y� .8Ì<,�^4Ê5Y,{Y *|> �Y/� 8v» 
|>Z" Ê» 7�ÌR 12G,Z= , 1°> �#& */i¼2 .

Ã'Y' 8Ì?=e J,HÌ0 
C$�Ì�8Ì0v5 Ã{Y{ 8°-$» 7|» É�#� '»Z �" 8"ZI �=.Z$#{ E# &Y )CR10X)(�> )3Z� ,Campbell Z°#�»Y(,

k�Y,1SC32A RS-232 8¼X 8"ZI �5/ÌV»Z( ,)N/" c/ (|>Z" Ê»�=.Z$#{ ÊP�$9( �Y�<Y L�  '( 2O0  *G É,� 
{/> Ê» .Y� *Z°»Y 1#Y *G É�#� '»Z �" )Ì¸"ZI , |>Z" Ê» Z2 Ã{Y{ )^Y ÉY�" a¸$b» ÉZ2 7Z Z( ÉY�Y{ �/(m» �=.Z$#{ Ê» C2Y�<

|9( {�Y, *G �{ */Ì�Y�^ÌPZ( k"Y,� '( {/>Ã{Y{ É,� SZ¼Ì4$�» L,�P {�/» Ê�Z#� cZÌ¸¼� ,LZW Y Z2 {�Ì= .8°> 4Ã�Y/X�? C$�Ì� 
8Ì0v5|2{ Ê» *Z-  Y� Z% G 1Ì" :Z^5�Y, Ã{Y{ .

8°&4-Ã�YÂu�- J,HÌ0 8Ì?=eÃ'Y' 

ÎÑ - Interface 
ÎÒ - PC208W LOGGER SUPPORT S/W FOR WINDOWS 



˺˻À

 �Y�<Y L�  &Y Ã{ZA$�Y Z")PC 208 W 3.3 (|> '$>/  É�Y{�" Ã{Y{ )%+ '»Z �" .ÉY�+Y , �=.Z$#{ '" '»Z �" 1#Y 7Z��Y Z"
LZW Y É�Y{�" Ã{Y{ cZÌ¸¼� ,*G{/> Ê» .&Y '»Z �" �Z$3Z�8¼ PY�/$�{ É{Y| 5 1'¸¼+ &Y 8¼ PY�/$�{ P6*/�5, 8^ �2 ÉY�" ,

+,�3 8#|^5Ê15/Ì  /¸Ì( O�X �" ,�Ì  '" Z2 7|^» ,8¼ PY�/$�{ ÉZ2 )%+ Ê�Z#� cZÌ¸¼� Z2,�Ì  *{�( c¼+1Ì9i¼2 ,
8¼ PY�/$�{C¼Ì9Ì» , C¼#�(Z» ,1ÌH ZÌ» 1$<�= )%+ Ê#Z2 )�Y Ã|> 8Ì°-5 .'" */�5, ÉZ2 8^ 7Z05Y �Y|» '" '+/5 Z" '»Z �"

)�Y Ã|> '$>/  �=.Z$#{ ÉZ2 7Z Z(.
80'Â_ ½ÂÌ0Y�`Ì_Z¯ Á 9ZN,¿Y 

|> Ã{ZA$�Y Ê--( 8�{/P E# &Y *G ÉZ2 Ã{Y{ )v� *Y�Ì» 1ÌÌ 5 , �$»/»Z9#{ Ê"Z#&�Y ÉY�" .*/»&G k#Y�> 1$<�= �;  �{ Z"
�/$(Y�5 ,{ 1Ì" �{ 8�{/P É�Ì=�Y�I Ã/v  ,É� 5 8�{/P E# */»&G LZW Y ÉY�" ,S'" '+/5 Z" , |> Ã{Y{ yÌb-5 O�Z9» ,8°> 

�$»/»Z9#{ ÉZ2 7|^» )Ì<�B)9Ì#Z^ ÉZ2,&Z" ÉZ2 7|^» &Y LY|(�2 )Ì<�BÊ75/6k�, É,&Z" 7|^» , 15/Ì /¸Ì( 5/415/Ì /¸Ì( 
)�Y(Z" �"Y�" 8�{/P )Ì<�B ,215)kN20(|> [Zb$ Y .*/Ì�Y�^ÌPZ( �/;9» '" @-( ÃZH$�{ &Y 8�{/PAmesler))3Z�

 7|» ,UÌ#/�Type10z1032 (8°> �{ '( |> Ã{ZA$�Y5)�Y Ã|> Ã{Y{ *Z-  .

8°&5-�U¯ ½Â»�M ÃZa,0' �Y Ã'Z1,0YZ] 80'Â_ ½ÂÌ0Y�`Ì_Z¯ 
8�Y/< �{ �Z" 7Z¼�Y Z" ,*/Ì�Y�^ÌPZ( 1ÌX �{100 �Z( 1#Y , |#{�= )>Y{{Z# , )eY�I �Z$P, �Y|4» ,L�=/¸Ì( �Z" 7Z¼�Y Z51500 

|> Ã{Y{ '»Y{Y L�=/¸Ì( .'¸�Z< *Z¼2 Z" �Z" | " '¸X�» �{100 Ã|»G )�{ '" ÉZ2 Ã{Y{ &Y Ã{ZA$�Y Z" )#Z%  �{ , |> '$>Y{�" L�=/¸Ì( 
|»G )�{ '" 8�{/P */Ì�Y�^ÌPZ( O#�� .8°>�{6)�Y Ã|> Ã{Y{ *Z-  8�{/P *{�( Ã�^ÌPZ( l#Z$  �Y{/¼  .

y = 6.5035x - 0.0841
R2 = 0.9999
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8°&6-ËZ,¿ �Y'ÂO¿ 80'Â_ ½'�¯ Ã�`Ì_Z¯ l
DY ÄL�B» ½Â»�M 

ÎÓ - Instruction 



˺˻AA

 Ê Ì^? c"Z9» , É&�,Z-( U#{�^ Ê5Z4Ì4v5 '���» ,'K4  '� 7Z05Y �$»/»Z9#{ Ê"Z#&�Y , ÉY '���» */»&G LZW Y �/;9» '"
 *Y�%5 ÃZH- Y{-|> [Zb$ Y …�( .Z2 1ÌH ZÌ» '�#Z4» h�? }Z�Y�" '���» @#Z»&G h�? JÌ4v5 1#Y �{1�/;9» 1#|" , |>Z" Ê» 

'�#Z4» Ã|> É�Ì= Ã&Y| Y ,Ê"Z#&�Y {�/» 'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P k�/5 '( a¸$b» 12G,Z= j/  �Z%R Ê--( É,�Ì  Ê»
| /> .Ê»/P '���» 1#Y NZ3 )<Z"-S SZ^#�45 )<�= LZW Y */»&G *G �{ '( Ê9Ì»& OÌ> , Ã{/" Ê�� 3|>Z" Ê» |��{ .LZW Y ÉY�"

�#{ *Z+ �/$(Y�5 E# &Y */»&G3140 Ê-Ì"/�$Ì» �/$(Y�5 E# ,MT250D|> Ã{ZA$�Y .
|> 8�, �$»/»Z9#{ '" Ã�/;9» |9R [ZI UV� , '$�" Ê-Ì"/�$Ì» �/$(Y�5 'K4  '� 7Z05Y '" �$»/»Z9#{ Y|$"Y �{.ÉZ2 @Ì3

| |> 80$» [ZI '" ' Z=Y|+ �/? '" , OÌ5�5 '" 7�ÌR , 1°>�#& ,Ê"Z4-" ÉZ2 12G,Z= .3 E5 �Y| Y{�=�" 12G,Z= �{ Ã&Y| Y ,'-Ì
 [ZI &Y Ã{ZA$�Y '" &ZÌ  *,|" 'WÌ$  �{ , | {/" 'K4  '� 7Z05Y �$»/»Z9#{ ÉZ2 Ã&Y| Y Z" J"ZK» 12G,Z= 1#Y 'K4  '� 7Z05Y ÉZ2

|#{�= 80$» �$»/»Z9#{ '" �Y| Y{�=�" 12G,Z= ,k"Y� .`�? &Y , Ê#/¸+ �/$(Y�5 |9^PZ» '" `�? E# &Y Ê#Z2�ÌW & k�/5 �Ì  8�{/P
 '" �H#{ {/" Ê4<Y @-( 1ÌX �{ *G '#,Y& '( |> CÌ;95 É�/? *G O0  jZA5�Y , |> '$�" �$»/»Z9#{ 8»ZX �/$(Y�5 É/¸+)8°>

7.(, Ã|> Ã| Y� /¸+ '" É�Y|4» �/$(Y�5 )<� ,�< NZ3 �{ Ê<Z( �Y|4» '" 12G,Z= '°9#Y &Y | " , Ã|»G �{ )(�X '" '�/¼W» UV�
|#{�= Ê» aI/$» UV� .'#,Y& )PZX 1#Y �{ É,�Ì  '^�Zv» ÉY�" *G �Y|4» , |> É�Ì= Ã&Y| Y J<Y Z" 'K4  '� 7Z05Y k�, É,&Z" 

|> {�Y, �=.Z$#{ '»Z �" �{ ,k�, 7Z05Y �{ É{/¼� ., Ã|»G �{ )(�X '" �/$(Y�5 SY{|W» ,12G,Z= *{/" &Y�5 &Y *Z9Ì¼?Y &Y | " UV�
|> LZW Y É�Y{�" Ã{Y{ .5 a¸$b» ÉZ2 12G,Z= Z" �Z" ,{ �Z( 1#Y|> �Y�° .c�( O�Z9» 7/? �$-Ì" ÉZ2�Y�°5 LZW Y L|� Ê¸�Y 8ÌP{

 @#Z»&G {�/» ÉZ2)40�$» ({/" */»&G 8v» NZ3 *{/" *Z�°# 1Ì9i¼2 , Ã|> É�,G c¼+ {Z#& ÉZ2 Ã{Y{ ,.12G,Z= �2 ÉY�"
>Y{ �Y�I NZ3 &Y …�Z3 ÊP, �/$(Y�5 '" 80$» 12G,Z= '( Ê$PZX Ê9 # |> Ê» Ê? �Z" *,|" �Ì  Ê$<Z�»).'" �/;9» '" �Z( 1#Y

{/> C( 8�{/P k�/5 Ã|> É�Ì= Ã&Y| Y É,�Ì  &Y SY| " Z5 |> Ê» LZW Y Ê-$¸s )»,Z4» *{�,G )�{ .1$>Y|  �ZÌ$3Y �{ '" '+/5 Z"
 Ê» Z% G É,� �" Ê�Ì?Z9u» ÉZ2�Ì=�Z" Z# É�/  ÉZ2 7|^» O0  ,�/$(Y�5 ,{ ÉZ%3�R f�uP Z# f�� *Z°»Y , É�Y{Y� �H�X

O+/» )� Y/5{{�= Z2 f,� 1#Y &Y Ã{ZA$�Y Z" )��� É�Ì= Ã&Y| Y �{ ZK3 .*Z»& É�Ì= Ã&Y| Y }Z�Y �" )��� @W9� 1#Y�"Z9"
)<�= LZW Y ,�/$(Y�5 k�/5 yb-» )<Z�» E# *{�( Ê? ÉY�" Ã|> `�� .�"Y�" */»&G 1#Y �{ yb-» )<Z�»40, {/" �$» 

Ã|> É�Ì= Ã&Y| Y ÉZ2 )��� &Y 1ÌH ZÌ» 1$<�=Z" )#Z%  �{�"Y�" ÉY '���» k�/$» )��� ,64/1|»G )�{ '" )�Z��"�$»/¸Ì( .
Z" �"Y�" SZ^#�45 OÌ5�5 '" */»&G LZH92 �{ �Y| Y{�=�" , 7�ÌR ,1°>�#& ,Ê"Z4-" ÉZ2 12G,Z= &Y E#�2 �Z( J¼� 1ÌH ZÌ» 1¼� �{

20 ,35,27,22{/" �$» Ê$ Z� .,*/»&G *Z»& �{ NZ3 )"/?� É�Ì= Ã&Y| Y �/;9» '" &Y6|> '$>Y{�" Ê#Z2 ' /¼  1Ì»& 'K4  .
Z" �"Y�" Ã|»G )�{ '" ÉZ2 )"/?� 1ÌH ZÌ»12%{/".

8°&7-Ä/$¿ Ä0 (Z?eY �,»Â»Z:Ë' DY ÄL�B» ½Â»�M 
�Y�<Y L�  Z" @#Y�#, 8"ZI 8#Z< E# '" Z2 Ã{Y{ 7Z4$ Y , Z2 */»&G LZW Y &Y U^Excel )�|" �/;9» '" L&. Ê�Z#� cZÌ¸¼� ,

 *{�,G|> LZW Y ,�$»/»Z9#{, 8�{/P k�/5 Ã|> É�Ì= Ã&Y| Y yPZ3 ÉZ2,�Ì.'( É{�Y/» , Z%$ Y , Y|$"Y ÉZ2 Ã{Y{ &Y É{Y| 5 UV� 

ÎÔ- Paired comparison 
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| |#{�= `mX | {/" @#Z»&G *Z¼2 ÉZ2 Ã{Y{ �#Z� Z" É�Ì= Ã&Y| Y ÉZ2ZK3 8ÌP{ '" ÉY ';XM» 8"ZI `M$3Y ÉY�Y{ .Z" )#Z% �{
 )^�  É�Z»G ÉZ2 */»&G &Y Ã{ZA$�Y|> LY|IY �$»/»Z9#{ , 8�{/P ÉZ2 Ã{Y{ '�#Z4» '".

<=] Á lËZ,¿ 
8°> �{8Ã|> Ã{Y{ *Z-  'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P k�/5 Ã|> É�Ì= Ã&Y| Y Ê--( ÉZ2,�Ì  1ÌH ZÌ» �#{Z4» 

)�Y .�{/P 1ÌH ZÌ» , �$»/»Z9#{ Ê4<Y ÉZ2,�Ì  j/¼W» 1ÌH ZÌ» ÉZ2 */$� �{ Ã|> Ã{�,G {Y|�Y &Y E#�2|9>Z" Ê» 8.1ÌH ZÌ»
 Ê Z»& Ã&Z" E# �{ Ã|> É�Ì= Ã&Y| Y ÉZ2,�Ì 5|> LZW Y Ã{Y{ Ã,�= ,{ 1#Y É,� �" É�Z»G ÉZ2 */»&G , |>Z" Ê» 'Ì ZY .�/? *Z¼2

 '( |>Z" Ê» Ê"Z4-" 12G,Z= , 1°>�#& '" :/"�» OÌ5�5 '" Z2 */»&G �{ Ê--( É,�Ì  1#�$¼( , 1#�$-Ì" {/> Ê» Ã|2Z-» '(
j/�/» 1#Y '#. Z" 1°>�#& {�/3�" , NZ3 �{ @Ì3 �$ Z�G É,�-Ì^ '" *G E¼( , Ê"Z4-" 12G,Z= [Z4-" f{�= '" '+/5 Z" 

|�� Ê» �;  '" Ê4K9» '¸Ì�, ,{ 1#Y �Z( J¼� 1Ì9i¼2 , NZ3 �$$b� , 1#�#& ÉZ2 .
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8°&8-»Z:Ë' Á 80'Â_ b0Âe Ã|& D�ÌV Ã�Y|¿Y ÊUU¯ DZ4Á�Ì¿ [Ìa¿ZÌ» �Ë'Z$» Ê¿Â,0 �Y'ÂO¿ �,»Â 

*/»&G &Y 'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P k�/5 Ã|> É�Ì= Ã&Y| Y Ê--( É,�Ì  É�Z»G '�#Z4» ÉY�"t|> Ã{ZA$�Y .1#|"
 */»&G &Y Y|$"Y �{ �/;9»F|> Ã{ZA$�Y Z2 U Z#�Y, Ê$3Y/9°# 1ÌÌ 5 ÉY�" .7,|+ 1*/»&G 'WÌ$  F,tY�Ê"Z4-" 12G ,Z= ÉY�"

 QK� �{ '( |2{ Ê» *Z-  7Z¼$XY5%M$3Y ,`*/»&G &Y YmP ,{�Y|  {/+, Ã,�= ,{ Ê--( É,�Ì  ÉZ2 U Z#�Y, 1Ì" É�Y{ Ê9 » t
|> Ã{ZA$�Y Z2 U Z#�Y, Ê$3Y/9°# }Z�Y�".Ã|> É�Ì= Ã&Y| Y Ê--( É,�Ì  1Ì" É�Y{ Ê9 » `M$3Y '( |2{ Ê» *Z-  l#Z$  

7Z¼$XY QK� �{ 'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P k�/55%�{2G ,Z= {�/»1{�Y|  {/+, Ê"Z4-" .

(Á|)1–½Â»  lËZ,¿ FÁtÊ]Z$U] [4MÁZV DY�] 

�,»Â»Z:Ë' 80'Â_ '�Â» �,»Y�Z5 

71/2 72/2 [Ìa¿ZÌ» 

124/0 138/0 A¿ZË�YÁ 

407/0prob= 902/0F= ½Â»�M F

494/0prob= 016/0t= - ½Â»�Mt

ÊUU¯ 6»ÁZ$» 

Ã{ZA$�Y Z" 1°>�#& {�/» �{7,|+ l#Z$  &Y2*/»&G �{ F|> |Ì#Z5 Z2 U Z#�Y, *{/" *Z�°# ,.*/»&G &Y YmPt}Z�Y�" 
QK� �{ )�Y yb-» , |> Ã{ZA$�Y Z2 U Z#�Y, Ê$3Y/9°#1%k�/5 Ã|> É�Ì= Ã&Y| Y Ê--( É,�Ì  1Ì" É�Y{ Ê9 » `M$3Y



˺˻B=

{�Y{ {/+, 1°>�#& {�/» �{ 'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P .» '( Ê%Ì+/5 '3Z> @3�R {Y{ '#Y�Y `M$3Y 1#Y ÉY�" *Y/5 Ê
|>Z" Ê» ,1°>�#& )(�X 'vA� �{ , [ZI '" *G 7Z05Y 8v» 7/X 1°>�#&.'" 80$» [ZI @3�R ~�Z" | Y/5 Ê» Ã|#|^ 1#Y 

Ê<Z�Y ÉZ2,�Ì  7Z¼�Y , �$»/»Z9#{)@-( É,�Ì  )%+ `M3 �{ (ÉZ2 Ã{Y{ �{ ZK3 {ZW#Y 'WÌ$  �{ , �$»/»Z9#{ ÉZ2 7|^» '" *G 
{{�=.{�Ym= Ê¼  8�{/P ÉZ2 Ã{Y{ É,� �" É�ÌYZ5 j/�/» 1#Y '( ÊPZX �{.Z" */»&G *Z»& �{ 'P†�» 1#Y j/I, L|� 8#.{ &Y Ê°# 

|>Z" 1°>�#& , 7�ÌR 12G,Z= Z" '�#Z4» �{ 12G,Z= 1#Y {Z#& *&, | Y/5 Ê» Ê"Z4-" 12G,Z= .

(Á|)2–½Â»�M lËZ,¿ FÁt[°&�Ë� DY�] 

�,»Â»Z:Ë' 80'Â_ '�Â» �,»Y�Z5 

5/6 08/7 [Ìa¿ZÌ» 

070/0 121/0 A¿ZË�YÁ 

134/0prob= 577/0F= ½Â»�M F

6E-2/1prob= 66/5t= - ½Â»�Mt

ÊUU¯ 6»ÁZ$» 

7,|+ l#Z$  &Y Ã{ZA$�Y Z" 7�ÌR 12G,Z= {�/» �{3*/»&G �{F|> |Ì#Z5 Z2 U Z#�Y, *{/" *Z�°# ,.*/»&G &Y YmPtZ�Y�" }
8�{/P k�/5 Ã|> É�Ì= Ã&Y| Y Ê--( É,�Ì  1Ì" É�Y{ Ê9 » `M$3Y )�Y yb-» 7,|+ &Y , |> Ã{ZA$�Y Z2 U Z#�Y, Ê$3Y/9°#

 7Z¼$XY QK� �{ 'K4  '� 7Z05Y �$»/»Z9#{ ,1%{�Y{ {/+, 7�ÌR {�/» �{.Y� 1°>�#& ÉY�" Ã|> '#Y�Y 'Ì+/5 *Z¼2 *Y/5 Ê» 
{Y{ �Y�I �; |» �Ì  ZW9#Y�{.

(Á|)3–½Â»�  lËZ,¿ FÁt(BÌ  [4MÁZV DY�] 

�,»Â»Z:Ë' 80'Â_ '�Â» �,»Y�Z5 
41/4 56/5 [Ìa¿ZÌ» 

128/0 163/0 A¿ZË�YÁ ÊUU¯ 6»ÁZ$» 
266/0prob= 785/0 ½Â»�MF

16 E-83/4prob= 23/11t= - ½Â»�Mt

7,|+ l#Z$  &Y Ã{ZA$�Y Z" �Y| Y{�=�" 12G,Z= {�/» �{4*/»&G �{ F# ,|!> |!Ì#Z5 Z!2 U Z!#�Y, *{/" *Z�°.*/!»&G &Y Ym!P t
7Z¼$XY QK� �{ É�Y{ Ê9 » `M$3Y '( )�Y yb-» , |> Ã{ZA$�Y Z2 U Z#�Y, Ê$3Y/9°# }Z�Y�"5%Ã&Y|! Y Ê--( É,�Ì  1Ì"

{�Y|  {/+, �Y| Y{�=�" 12G,Z= {�/» �{ 'K4  '� 7Z05Y �$»/»Z9#{ , 8�{/P k�/5 Ã|> É�Ì=.'" )�Y �(€ *Z#Z> *{/^  &Y�5 )¸�
 QÌv0!5 O#�!� E!# &Y )!�Y Ã|> É�Ì= Ã&Y| Y 8�{/P k�/5 '( �Y| Y{�=�" 12G,Z= Ê--( É,�Ì  ÉY�" ,*/»&G *Z»& �{ 8�{/P
 Ê!» J!<Y Z!" 8�{/P '#,Y& }/9Ì�( 7{Z » SZ^#�45 '( {|� 1#Y �{ Ã|> É�Ì= Ã&Y| Y Ê--( É,�Ì  '( É�/? '" )�Y Ã|> Ã{ZA$�Y

 R/( )¸� '" , |> [�� |>Z" É,Z�» {|� 1#Y '#,Y& 1#Y *{/" E99/0|> {�< .Z2 */»&G �#Z� ÉY�" �Z( 1#Y *{Y|  LZW Y )¸�
{/" '¸�ZX ÉZ2 É�Ì= 'WÌ$  �" *G É�Ym=�ÌY†5 L|� .



˺˻B˺

(Á|)4–½Â»�M lËZ,¿ FÁt�Y|¿ '�V�] [4MÁZV DY�] 

1$<�= �;  �{ *,|" ,7�ÌR 12G,Z= ÉY�" �$»/»Z9#{ , 8�{/P ÉZ2 Ã{Y{ 1ÌH ZÌ» ';XM» 8"ZI `M$3Y 1$<�= �;  �{ Z"
 )<�= �Y�I '�#Z4» {�/» Ê¸( �/? '" Z2 Ã{Y{ �#Z� ,Z2 Ã{Y{ 1#Y�{ *G l#Z$  '( 7,|+5)�Y Ã|»G .
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Test and Evaluation of a Three-Point-Hitch Dynamometer 
 

ABSTRACT 

Nowadays measurement of draft force between tractor and implements is so 
important. Taking into account, this case, for the first time in our country in 2003 a 
three-point hitch dynamometer was designed and constructed in Mechanic of 
Agricultural Machinery department of Tehran University. This dynamometer is 
electronic, frame type and proportionate to tractor of category (0) and (I). Considering 
that data released from this instrument may be used as base of some decisions, 
assurance of proper performance of dynamometer and data correctness is necessary. 
Therefore, in this research the dynamometer was tested and evaluated. To test the 
dynamometer with different kinds of plow, a multipurpose frame was designed and 
manufactured. The main ability of this frame is to attach some kinds of chisel plow, disk 
plow and subsoiler. Moreover, single-bottom moldboard plow was attached without 
requirement to the frame. A computer program was written for datalogger to which the 
dynamometer and load cell were attached, in order to measure, record and process the 
forces initially. Considering the dynamometer capacity, a tensional load cell was 
selected and calibrated to measure force in comparison with dynamometer and finally 
field tests of dynamometer were conducted in research farm, faculty of agriculture, 
Tehran University. General results of evaluation of dynamometer design, with a view to 
stability, sensitivity, collection and transmission of data and etc. is acceptable. The 
results of tests for moldboard plow and disk plow showed no significant difference 
between draft forces measured by load cell and dynamometer in %5 level. The results of 
tests for chisel plow and subsoiler showed significant difference between data of load 
cell and dynamometer in %1 level. The results also showed that, there was no 
significant difference between total data of load cell and dynamometer from moldboard 
plow, disk plow and subsoiler in %5 level.
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